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1   INTRODUCTION 
 
 
The Silver Creek fire began on July 29, 1998 along the north fork of Silver Creek. From there it 
spread north and east eventually covering the slopes to the west of the Salmon River from Silver 
Creek to Gordon Creek and all of the area draining the east slope of the Salmon River from Wall 
Creek to Rumball Creek.  In total, the Silver Creek fire covered approximately 6,400 hectares.  A 
map showing the watersheds within the area burned by the fire is provided in Figure 1. 
 
The immediate and long-term effects of the fire on both the land base and the residents of the lower 
Salmon River Valley are of concern. Immediately following the fire, work began to assess and 
rehabilitate the damage. During September and October of 1998, roads, trails and fireguards were 
rehabilitated, slopes were grass seeded to reduce erosion, and fire control related damage to private 
property was repaired. At the same time, the potential long-term effects of the fire on timber, 
hillslopes and watershed values were assessed. 
 
The effects of the fire on slope stability, erosion, stream channels, water quantity and water quality 
were assessed by a group of forest hydrologists, geomorphologists, pedologists and geological 
specialists from the Ministry of Forests, Ministry of Environment, Lands and Parks with the 
assistance of private consultants.  With the coming of winter and in consideration of the extent of 
the fire, this review was by necessity an overview.  The objectives of the watershed hazards 
assessment were to identify areas of immediate concern, develop recommendations for salvage 
logging and describe the likely future downstream effects of the fire.  The assessment team visited 
ground between Silver and Moutell Creeks to the west of the Salmon River and between Harold’s 
Brook and Hobson Creek to the east.  The assessment work focused on the Crown forest, however, 
potential valley bottom hazards (where streams flow onto alluvial fans near their confluence with the 
Salmon River) were also considered.  
 
Though a clear indication of valley bottom hazards is provided in this report, the group did not 
assess property specific issues on private land.  The identification of specific issues related to 
individual properties and improvements will require the commissioning of detailed investigation by 
specialists.  Private property owners should obtain advice from specialists experienced in debris flow 
hazard and risk assessment and in protection works design (engineers, hydrologists and 
geoscientists).  
 
This report describes hillslope, stream channel, water quality, flooding and physical valley bottom 
hazards for watersheds draining the area burned by the Silver Creek fire.  It is not considered an 
exhaustive analysis but rather is intended to provide general information to the public and resource 
agencies.  Supporting documents to this assessment report, including the Technical Supplement, 
maps and the Silver Creek Fire Post Seeding and Monitoring Report 
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Figure 1.  The location of watersheds surveyed in the Silver Creek fire area as part of the watershed 

hazards assessment. 
(Youwe, in progress), are on file with the Ministry of Forests at the Salmon Arm Forest District 
office 
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2   BACKGROUND 
 
 
In forested watersheds, the most significant effects of fire on water occur in areas which have been 
so severely burned that most of the vegetation and the forest floor have been destroyed.  Where the 
forest vegetation has been destroyed, the amount of precipitation (both rain and snow) reaching the 
ground increases. Where the forest floor has been burned away, water which once would have been 
stored in the organic layer now reaches the mineral soil where it is either absorbed or runs off.  
Water stored in the soil is no longer taken up by forest vegetation and transpired, so the amount of 
water remaining in the soil between storms increases, reducing the capacity to absorb any additional 
water. 
 
In spring, snow melt is more rapid in burned areas as a result of direct sunlight and the large 
amounts of heat energy radiated from blackened tree trunks.  In areas where the fire has been 
extremely hot, organic residue may partially seal the mineral soil surface making it less penetrable to 
water for some time after the fire and increasing the flow of water directly over the ground surface. 
All of these effects together increase the amount and rate of runoff, after each storm or during 
spring snow melt, as compared to forested areas.  The more extensive the area burned, the greater 
the change in runoff volume and timing which can be expected. 
 
These effects may be compounded by roads, fireguards and trails constructed as part of the fire 
fighting operation.  These features may collect and deliver water down slope much more rapidly 
than would have occurred prior to their construction. 
 
Unvegetated surfaces are also more erodible and can result in considerable volumes of soil being 
moved down the slope into stream channels.  During periods of heavy rain or rapid snow melt, 
increased water flows may result in increased surface erosion and slope failure.  Material such as soil 
and ash may be washed into streams by surface runoff and in extreme circumstances, saturated soil 
on steep slopes may fail.  Any debris and water which moves down the slope into a stream channel 
can alter the capacity of that stream or block the channel.  Similarly, burnt trees adjacent to streams 
may fall into the channels creating obstructions which pond water and trap sediment or other 
material behind them.  Water will eventually cut its way through or around such obstructions 
carrying much of the trapped material with it. 
 
Downstream, the effects of erosion and mass wasting on hillslopes or of channel destabilisation may 
be minor, such as increases in turbidity during storms or infilling of gentler channel sections.  Under 
the right combination of circumstances, however, the effects can also be extreme, such as large 
increases in sediment loads, landslides, flooding and the destruction of property and aquatic habitat.  
The greatest potential for slope  failure occurs on steep, unstable terrain in the upland portion of the 
watershed and the most significant consequences generally occur downstream along the gentler 
sloping alluvial fans and flood plains, where water intakes, dwellings, fields, improvements and fish 
habitat are commonly located.  The more intense the fire, the greater the area of forest cover 
burned, the steeper the slopes and the more unstable the terrain, the greater the hazard. 
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The loss of vegetation and the increase in water flowing through the watershed also affect the 
movement of nutrients.  Following wildfire, nutrient losses from a watershed usually increase. 
Nutrient concentrations commonly found to increase following fire include nitrate, organic nitrogen, 
potassium, calcium and magnesium.  The type and amount of specific nutrients lost following fire 
vary from watershed to watershed, with burn intensity and with erosion rates. Increased 
concentrations of nutrients are short lived, generally being greatest during the first few storm or 
snow melt events after the fire.   
 
Since more sunlight reaches streams, water temperatures may increase following a wildfire.  The 
actual rise in temperature depends on both the length of stream exposed and on the mitigating 
effects of increased streamflow.  Elevated stream temperatures may affect fish habitat, however, in 
normally cool streams the increase may not be sufficient to prove detrimental.  Changes in stream 
temperature after a fire are generally short lived and return to pre-fire levels as streamside vegetation 
regrows (Brown 1989). 
 
Changes in water quantity and quality following wildfire have been studied at two locations in British 
Columbia; the Eden fire near Salmon Arm and the Matt fire near Kimberly.  In the ten year period 
following the Eden fire, spring peak stream flows in Palmer Creek were larger and occurred up to 
two weeks earlier.  Seasonal flows from August to November were also larger.  Sediment production 
was increased due to slope failures and erosion of stream banks and beds (Cheng and Bondar 1984).  
Following the Matt fire, the most significant changes in water quality were increased nitrate-nitrogen 
during the second spring and total phosphorus during the first year.  Increased conductivity and 
alkalinity were also observed and were attributed to ash deposition in the stream. In the samples 
collected after the Matt fire, none of the parameters testing for in this study exceeded the Canadian 
Drinking Water Standards (Gluns and Toews 1989) with the exception of colour and turbidity. 
 
The effects of wildfire can be reduced by rapid revegetation of forest land and stream sides, grass 
seeding of erodible slopes and rehabilitation of roads, guards and trails.  If undertaken soon enough, 
these measures will moderate the increases in stream flow, reduce surface runoff and erosion, and in 
turn result in reduced down stream hazards and improved water quality. 
Excellent summaries of the effects of fire on watersheds and water can be found in Walstad, 
Radosevich and Sandberg (1990).  Hetherington (1987) provides an easy to read and thorough 
overview of the hydrologic cycle and the interrelationships between watershed characteristics and 
water quantity and quality.  Additional information on water related subjects can also be found on 
the Internet at :  http://foresthydrology.gov.bc.ca. 
 
 
 
3  METHODS USED FOR ASSESSING THE EFFECTS OF THE SILVER CREEK FIRE 
 
 
The effects of the Silver Creek fire on hillslopes, stream channels, water quantity and water quality 
have been described for each watershed in the area burned. Hazard ratings were determined for the 
Crown forest portions of each watershed only. 
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Watershed hazards were grouped into: site hazards, transport potential, and valley bottom hazards, 
based on physical watershed characteristics including: 
 
• the extent of the fire and past logging, 
• soil erosion from hillslopes, roads and fire guards, 
• mass wasting into gullies and stream channels, 
• the amount of sediment and debris in the stream channels, and 
• the ability of the stream to move sediment and debris downstream. 
 
The potential effects of the fire that were considered include:  increased peak stream flows or 
flooding, decreased physical water quality and increased movement of debris, including wood, 
boulders, gravel and fine sediment, downstream to the valley bottom.  The cumulative effects of the 
fire are likely to be the most obvious where each stream flows out on alluvial fans into the Salmon 
River valley. 
 
Brief descriptions of the hazards, both observed and anticipated, in each watershed are provided in 
the text of this report.  More detailed discussions can be found in the Technical Supplement on file 
at the Ministry of Forests’ Salmon Arm District office. 
 
 
3.1   Site Hazards 
 
3.1.1  The Extent of the Fire and Logging 
 
The extent of forest cover removal, either through fire, insect infestations or logging, influences the 
potential for increased peak stream flows during snow melt, annual water yields and storm flows. 
Where forest cover has been removed over 20% or less of the total area in a watershed, the 
likelihood of changes in streamflow volume or timing is small except during extreme climatic events.  
Therefore, the hazards associated with such changes are assumed to be low.  Between 20% and 40% 
forest cover removal, the likelihood of increased stream flows is moderate.  Where forest cover has 
been removed from more than 40% of the watershed the chances are high, even during normal 
climatic events.  Consequently, the hazards associated with these levels of forest cover removal are 
identified as moderate and high, respectively. 
 
3.1.2   Soil Erosion from Hillslopes 
 
Soil erosion in this report refers to removal of soil from hillslopes by rain or melting snow.  Soil is 
eroded either as a layer across the land surface or when water is concentrated in narrow channels.  
Hillslope soil erosion does not include erosion from roads, trails and guards, or mass movement of 
soil materials, which is discussed in the next section of this report. 
 
The hazards for soil erosion indicate the likelihood of large amounts of eroded soil being delivered 
to a stream channel.  High erosion hazard watersheds have a high proportion of erodible soils, steep 
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slopes, high proportions of intensively burned areas within the catchment, and a high potential for 
the eroded material to reach a stream.  Moderate hazard watersheds have moderately erodible soils 
and/or moderate slopes, moderate areas of intact forest within the catchment, and moderate to low 
potential for eroded soil to reach a stream.  Low hazard areas have gentle slopes and stable soils. 
 
Soil erosion will be substantially reduced once vegetation, either native or seeded, has re-established 
on the hillslopes. 
 
3.1.3  Erosion from Roads, Trails and Guards 
 
This hazard summarises the likelihood of soil erosion and small scale road failures occurring on 
existing or newly constructed roads.  The factors influencing erosion from roads, guards and trails 
are similar to those discussed above for hillslopes, except that the parent material underlying the 
upper soils has a greater influence because it impacts the stability of road cuts and fill slopes and 
affects the performance of the road surface.  Road gradient also significantly affects this erosion 
hazard.  
 
Each drainage is rated high, moderate, low or none, based on the condition of the roads, trails and 
guards prior to rehabilitation. Once roads have been rehabilitated, as is now the case, and once 
vegetation has been re-established, the hazards will generally drop one level, for example from 
moderate to low.  This will likely take one growing season, however, where site and climatic 
conditions are severe, it could take longer.  Generally, a high hazard was assigned to roads, trails or 
guards if:  a section was constructed immediately adjacent to a watercourse or gully that led to a 
watercourse; a section was constructed with a gradient exceeding about 30% in the vicinity of a gully 
or watercourse; a section was constructed on unstable terrain; or a section of old road or trail was 
showing signs of imminent failure into a watercourse or gully as a result of the fire. A moderate 
hazard was assigned if a section was constructed on steep hillsides, at moderately steep gradients, or 
if erosion or failure was expected but there was only a moderate likelihood that sediment would be 
transported to a watercourse. A low hazard was assigned where there was little chance that 
sedimentation into a watercourse would occur.  If no roads were present in the watershed, a “none” 
hazard was assigned. 
 
3.1.4  Mass Wasting 
 
Mass wasting includes debris slides and debris flows.  The hazards indicated for mass wasting 
potential include any mass wasting event that originates from a hillslope and is directly linked to a 
stream channel. In other words, the potential exists for materials to move from the hillslope directly 
into a stream channel. 
 
High mass wasting hazard exists on steep (50% - 70%) to very steep (>70%) slopes which show 
evidence of past and/or active slope failures and additional failures are anticipated. Moderate hazard 
occurs on moderate (30% - 50%) slopes with little evidence of historic failure and where few future 
failures are anticipated. On gentle (<30%) slopes with no evidence of slope failure, hazards are 
defined as low. 
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3.1.5  Channel Loading 
 
Channel loading refers to the amount of material currently stored in the stream channel and the 
availability of additional storage.  Hazards associated with channel loading are high when the channel 
appears to be full and little or no additional storage opportunities exist.  Channels are described as 
full when sediment and/or large woody debris fill most of the channel volume and perhaps even 
spill over the channel banks.  A moderate hazard was cited when small portions of the channel are 
empty and sediment and/or large woody debris only fill roughly half of the channel volume.  
Hazards are low when most of the channel is empty and sediment or woody debris are only found in 
the channel infrequently. 
 
 
3.2   Transport Potential 
 
Transport potential refers to the likelihood that material currently, or that is likely to be, deposited in 
stream channels, will become mobilised and move downstream during periods of high streamflow.  
Transport potential is a function of channel conditions including gradient, width, depth, 
confinement and roughness. 
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3.2.1  Debris Flows 
 
Debris flows occur when water-charged material flows down a steep, confined stream channel.  
They are commonly triggered when landslide debris reaches the stream channel and liquefies.  The 
subsequent flows contain predominantly coarse grained material and entrain additional material from 
the bed of the channel and from erosion of the channel banks as they move downstream.  This high 
density, fluid material can transport boulders that are metres in diameter. Debris flow initiation can 
occur in channels which are steeper than 47% slope.  Transportation of debris and erosion of 
channel beds and banks generally require slopes greater than 27%.  Deposition of debris flow 
material within the channel occurs as levees and begins where channel slopes are less than 27%.  
Deposition on valley bottom fans occurs when slopes are less than 18%. 
 
The evaluation of debris flow potential was completed by examination of the fans at the bottom of 
the creeks for evidence of past debris flow activity, and where possible, the timing of the last event.  
The likelihood of debris flows in the watersheds affected by the Silver Creek fire is described as 
high, moderate or low depending, on whether debris flows are expected to occur during normal or 
extreme storm events. 
 
3.2.2  Coarse Sedimentation 
 
The coarse sedimentation transport potential is the ability of the creek to move large quantities of 
coarse sediment (particles up to 50 centimetres in diameter) and deposit this material on the fan.  
When major runoff events occur, from intense storms or snow melt, creeks have an increased 
capacity to transport coarse sediments. As the creek leaves the steeper, confined channel, stream 
flow velocities are reduced and material starts depositing on the fan surface.  Fans which experience 
high fluvial sedimentation events are characteristically lower gradient than debris flow fans, have 
numerous abandoned channels, and have more uniformly sized sediments than debris flow fans.  
Commonly sediment lobes are found where rapid dewatering has occurred and the flow almost 
instantaneously loses momentum and deposits material.  The coarse sediment transport potential 
ratings of the creeks in the area burned by the Silver Creek fire were determined by examining the 
fans at the base of the creeks for evidence of water-dominated high sedimentation events.  As with 
debris flows, the likelihood of coarse sediment transport in the stream channel is described as high, 
moderate or low, depending on the potential mobility of this material in normal or extreme stream 
flows. 
 
 
3.3   Valley Bottom Hazards 
 
Valley bottom hazards are the anticipated cumulative effects of increased peak stream flows, 
increased sediment and, therefore decreased water quality, and increased debris loads at the apex of 
the alluvial fans where streams flow out into the Salmon River valley. 
Hazards were rated as high, moderate or low depending on whether they are likely to have an effect 
on the valley bottom during normal storm events, may have an effect or are unlikely to cause 
physical damage in the valley bottom except during extreme events.  Hazards exist in all watersheds, 
but their frequency and magnitude over those which would normally occur during periods of 
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exceptionally high stream flow, may be increased after large disturbances such as wildfire. It is 
important to note that the fire’s effects on streamflow, water quality and the valley bottoms 
themselves may occur this fall, next spring, or some time in the future during periods of extremely 
wet weather or heavy snow melt. 
 
3.3.1  Increased Peak Flows 
 
Both the absolute size and frequency of floods of any given size may be increased by forest cover 
removal.  Watersheds where more than 40% of the total watershed area was burned by the Silver 
Creek fire were rated as having a high likelihood of increased stream flows and flooding.  The 
smaller the proportion of a watershed burned and the more rapidly the forest regrows, the less the 
likelihood of flooding during normal climatic conditions. 
 
3.3.2  Decreased Water Quality 
 
Physical water quality is directly affected by soil erosion on hillslopes and roads connected to stream 
channels, erosion of streambanks and material stored in the channel itself.  For watersheds burned 
by the Silver Creek fire, the likelihood of increased sediment and organic particles suspended in the 
water column is described as high where a large percentage of the watershed has been logged or 
burned (i.e. the potential for increased runoff is high) and where erosion from hillslopes and 
disturbed surfaces is high, where the possibility of mass wasting exists and where the channel 
loading is high.  Where fewer sources of sediment and organic material exist the potential for 
decreased water quality is reduced. 
 
3.3.3  Increased Physical Disturbance 
 
Since all stream channels in the area burned by the Silver Creek fire are loaded with debris and 
sediment, the potential for this material to move downstream to the valley bottom exists in all 
watersheds.  This hazard existed prior to the fire.  The fire will increase the potential for large woody 
debris to enter the stream channel, for increased amounts of sediment and debris to be delivered to 
stream channels more rapidly, and for any increases in stream flow resulting from forest cover 
removal to mobilise material in the stream channel.  For watersheds in which the potential to 
transport boulders, cobbles, gravel, sediment and woody debris is high, the likelihood of physical 
change or damage in the valley bottom has been rated as high.  Where the potential for increased 
runoff and the sources of material for downstream transport are reduced, so is the valley bottom 
hazard. 
 
 
 
4  WATERSHED DESCRIPTIONS AND HAZARDS 
 
 
Each feature assessed in all of the watersheds burned by the Silver Creek fire is briefly summarised 
in the following sections. These descriptions are intended to provide readers interested in a specific 
watershed with a complete overview of that watershed.  As a result, anyone reading the entire report 
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will notice the repetition, but this was necessary to achieve this objective. The relative magnitudes of 
the hazards identified in the watersheds burned by the Silver Creek fire have been summarised in 
Table 1, according to the definitions provided in Section 3 of this report.  The detailed background 
material for each individual hazard assessment can be found in the Technical Supplement on file at 
the Ministry of Forests’ Salmon Arm District office. 
 
 
4.1   Rumball Creek 
 
The Silver Creek fire burned roughly 73% of the total area draining into Rumball Creek.  
Consequently, the likelihood of increased stream flows from Rumball Creek into the valley bottom 
is high. 
 
Rumball Creek flows over the debris of a large, very old bedrock slump that occurred on the north 
flank of Mt. Ida.  The Rumball Creek basin is gently sloped in the upper portion, becomes steep in 
the middle portion and flattens near the toe.  Tension cracks opened up in the upper / middle 
section of the watershed in 1997, indicating that slow movement of the massive debris deposit 
occurs even today. This movement is probably the result of increases in  groundwater pressures 
resulting from above average total precipitation in the mid-1990s.  As a result of the fire, 
groundwater levels will likely increase again over the next few years and additional movement may 
occur, however, the rate of movement will still be very slow (millimetres or centimetres per year) and 
should not be a large concern. 
 
Soil erodibility on the lower slopes of the Rumball Creek watershed is moderate to high but since 
these areas are gently sloping, the erosion hazard is moderate.  On the steeper upper slopes, soil 
erodibility is very high where the surficial material is very fine sandy textured, and the erosion hazard 
is high, especially for road building, as shown by the gully erosion along the Mt. Ida Forest Service 
Road.  Gentle slopes in the upper portion of the Rumball Creek watershed have moderate erosion 
hazard.  These hazards should be reduced as a result of the grass seeding which has taken place and 
as vegetation becomes re-established along the hillslopes. 
 
An extensive road network covers the east side of the Rumball Creek watershed, most of which lead 
off the Mt. Ida Forest Service Road. Most of the roads in the middle portion of the 



 

 

Table 1.  Relative watershed hazards for the area burned by the Silver Creek fire. 
 

           
WATERSHED  SITE HAZARDS   TRANSPORT POTENTIAL VALLEY BOTTOM HAZARDS 

           
 Extent of Soil Erosion Erosion Mass Wasting Channel Debris Flows Coarse Increased Decreased Physical 
 Fire and on Hillslopes from Roads,  Loading  Sedimentation Peak Flows Water  Disturbance 
 Logging  Trails and      Quality  
   Guards        
           
           

Rumball H H H H H L H H H H 
           

Rumball II H M L L H L H H M M 
Rumball III H M None H H H H H M H 

           
Wall H L L L H L M H M M 

           
Silver M M M M M L H M M M 

           
Grier M H L H H L H M M M 

           
D M H H H H M H M H H 
           

Kernaghan L M H M H M H L M H 
           

Wallensteen M M M H H M H M M H 
           

C M H L H H M H M M H 
           

B H H L L H L M H M M 
           

Gordon H H H H H M H H H H 
           

A M M M H H H H M M H 
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watershed have a high erosion potential due to steep gradients, steep and gullied terrain, the fine 
textured soil and the lack of drainage control on the road.  Along the east side of the basin, 
roads, trails and guards are generally within rocky soils so the erosion potential is low or 
moderate, with a few exceptions as noted in the Technical Supplements. The spur road system 
off km 5 of the Mt. Ida Forest Service Road (named Rumball South Spur Road System) was 
considered particularly susceptible to erosion and failure, so its complete removal and re-
contouring was recommended and this was completed in September of 1998. There are a 
number of old trails beyond the Rumball South spur system (on the west side of the drainage)  
which have evidence of minor fill failures, but since these are not connected directly to the creek, 
noticeable increase in sedimentation should not be noticed. The upper part of the Rumball 
Creek basin is very rocky, so the potential for erosion from roads is low. 
 
In the upper portion of its watershed, Rumball Creek flows through a confined channel.  Slopes 
above the channel have a history of instability.  A series of steps and sediment wedges have 
developed in the channel as a result of these features, along with the woody debris jams which 
have formed throughout the channel.  Old log jams are starting to break up and sediment is 
gradually moving downstream. In the past, this stream does not appear to have experienced 
debris flows.  As surface runoff and stream flows increase, and because material is available to be 
moved down the channel, the likelihood of  debris flows increases.  As such the mass wasting 
hazard is high. 
 
Near its confluence with the Salmon River valley, Rumball Creek flows down a broad, gently 
sloping fan.  In this area there is little evidence of debris flows, the channel has no evidence of 
levees, trim lines or overbank deposits and the debris flow hazard is low.  However, anecdotal 
evidence indicates periodic sedimentation across the fan surface which in the past has affected 
buildings and other improvements.  Consequently the likelihood of physical disturbance on the 
fan has been described as high. 
 
 
4.2   Rumball II 
 
All of the watershed draining into the unnamed creek to the south of Rumball Creek, was 
burned by the Silver Creek fire.  This creek has been named Rumball II for the purposes of this 
report.  Due to the large area burned, increased stream flows including annual water yield, spring 
snow melt peaks and storm flows, are extremely likely in this creek.  It is also likely that these 
increases in stream flow will be moderated, if not completely caught, by the gravel pit in the 
lower section of the creek. 
 
Soils on the lower slopes of the Rumball II watershed have moderate soil erodibility.  The upper 
slopes were not assessed but generally the ground is rocky and only gently sloping so the erosion 
hazard is likely low.  Existing terrain and erosion potential maps were used to help derive the 
overall erosion hazard. 
 
There are few roads in this watershed and most are minor trails that exist in the upper rocky part 
of the drainage where the slopes are gentle to moderate.  The erosion hazard from roads trail 
and guards is therefore considered to be low.  
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The mass wasting hazard is rated as low, because with the exception of the Mt. Ida bedrock 
failure, no evidence of mass wasting was observed.  Debris flow potential is low but the coarse 
sedimentation potential is rated as high.  Since this drainage empties into a gravel pit, the 
physical disturbance hazard associated with any new mass wasting or the downstream transport 
of sediment and debris is moderate. 
 
 
4.3  Rumball III 
 
The second creek to the south of Rumball Creek has been named Rumball III for the purposes 
of this report.  The watershed of Rumball III Creek was completely burned during the fire. This 
will likely result in increased stream flows, particularly peak flows during spring snow melt.  This 
creek flows into the gravel pit near the lower end of the creek.  Consequently, any additional 
stream flow will likely be moderated or completely caught, in the pit. 
 
Soils in the lower portion of Rumball III watershed have moderate soil erodibility. The upper 
slopes were not assessed.  Existing terrain and erosion potential maps were used to help derive 
the overall erosion hazard.  No roads are known to be present in this watershed so the erosion 
hazard from roads, trails and guards is “none”. 
 
This creek flows through a very steep, incised, confined channel.  The side walls of this channel 
are highly unstable.  Considerable evidence of historic slope failure was observed in this 
watershed as well as post-fire ravelling.  The stream channel is loaded with angular sediments 
from historic debris slides and avalanches off the valley side walls.  Due to the condition of the 
hillslopes, the channel configuration and confinement, slope steepness and instream loading, this 
watershed is thought to be primed for a debris flow.  Given adequate water to transport material 
downstream, such as an extreme storm event, this watershed has the highest potential for failure 
of all watersheds in the Silver Creek fire area.  It is thought that the gravel pit near the bottom of 
this watershed will trap most of any debris flow or coarse sedimentary material.  The physical 
disturbance hazard is rated as high, although the ability of the pit to mitigate any downstream 
transport of material from this watershed to private property is currently being enhanced by the 
owner’s efforts at enlarging the pit. 
 
 
4.4   Wall Creek 
 
All of the Wall Creek watershed was burned during the Silver Creek fire.  Using the area burned 
as an indicator of the potential for increased stream flows, the likelihood of increased, annual 
water yield, peak snow melt generated flows and storm flows is high in Wall Creek. 
 
Soil erodibility on the steeper, upper slopes of the Wall Creek watershed is moderate.  On these 
slopes the soil erosion hazard is also moderate but increases to high on very steep slopes.  On 
the extensive lower, gentle slopes soil erosion hazard is low. 
 
There are a number of old roads in this watershed, most of which exist in the upper rocky part 
of the drainage where the slopes are gentle to moderate and the road cut and fill heights are 
minor.  The erosion hazard from roads, trails and guards is therefore considered to be low. 
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Roads exist on private land in the lower part of Wall Creek drainage where the soils consist of 
fine sand and silt which is highly erodible.  These roads were not assessed but it is important to 
note that the soil erosion hazard from road development in these deposits is considered to be 
high.  
 
The likelihood of debris flows in the Wall Creek watershed is thought to be low since the 
channels in this watershed are broad and unconfined, much of the stream flows over gentle 
slopes and most of the watershed is covered with shallow soils or exposed bedrock.  Due to the 
gentle gradient of the creek, the coarse sedimentation hazard is rated as moderate.  The physical 
disturbance hazard is also rated as moderate. 
 
 
4.5   Silver Creek 
 
Only 2% of the Silver Creek watershed was burned during the fire and was confined to the 
north fork of Silver Creek.  It is extremely unlikely that any increases in streamflow as a direct 
result of the fire will be observed in Silver Creek.  However, an additional 30% of the total 
watershed area has been logged.  The area logged plus the area burned totals roughly 32%.  
Some increases in stream flow can be expected from this moderate level of disturbance. 
 
The upper slopes of this watershed have moderate soil erodibility and the lower slopes where the 
soils are finer textured, have a high erosion hazard.  The erosion hazard throughout the 
watershed is moderate except where slopes are very steep. 
 
There are a number of old roads in this watershed, mostly in the lower part of the drainage 
where the slopes are moderate. Most of the old road cuts and trails do not show any sign of on-
going surface erosion, owing to the well drained soils and site conditions. The guard to the south 
of the fire boundary has a high potential for soil erosion, should climatic conditions be severe 
before vegetation can become established. An old road crossing the creek in the middle part of 
the drainage could experience some erosion if a flood or blockage occurs.  The plateau area 
above the drainage had little guard construction during the fire, and since the slopes are gentle, 
the amount of erosion should be minimal.  
 
One area of concern lies on private land above the trailer park at the outlet of Silver Creek.  A 
road leads through the park up the south side of the creek to a bridge.  Due to earthworks at the 
bridge site, there is some risk that the creek could overflow its bank at this location should a 
flood or blockage occur at the bridge.  This would result in the creek being diverted down the 
road and through the trailer park.  The owners of the road and bridge are recommended to have 
the risk appraised and undertake whatever measures are necessary to mitigate the hazard.  
 
There is some evidence of recent and historic mass wasting outside the fire boundary in the 
Silver Creek watershed.  The slopes of this watershed are moderate to steep and have moderate 
potential for failure 
 
Physical processes on the broad, gently sloping fan of Silver and North Silver Creeks are 
dominated by streamflow and the potential for coarse sedimentation is high.  There is minimal 
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evidence of debris flow sediment on this fan and no levees, trim lines or overbank deposits were 
noted along the channel, therefore the debris flow hazard on the Silver Creek floodplain is low. 
 
 
4.6   Grier Creek 
 
Approximately 38% of the Grier Creek watershed has been burned.  An additional 2% has been 
logged.  This level of forest cover removal is considered to be moderate in terms of increased 
stream flow hazard.  Some changes in stream flow magnitude and timing may be expected given 
this percentage of forest cover removal. 
 
The upper slopes of this watershed have moderate soil erodibility and the toe slopes where 
surficial materials are fine textured, high erodibility.  Hillslope erosion hazard in the watershed is 
high because of the large proportion of slopes burned with high intensity. 
 
There are only a few roads in this watershed.  Most of the old road cuts and trails do not show 
any signs of on-going surface erosion due to the well-drained soils and site conditions.  New 
road construction is present in the upper part of the drainage, but both forks of the creek do not 
extend to this elevation so the erosion hazard from roads and trails is considered low.  There is a 
small amount of road in the lower section of the drainage, mostly on the fan, which is 
predominantly on private land.  These roads are generally on gentle slopes so the erosion hazard 
is low. 
 
The headwater slopes of Grier Creek are steep.  Evidence of active slope failure and potential 
for failure was observed.  The mass wasting hazard for failures entering Grier Creek is high.  
Grier Creek flows down a broad, gently sloping fan and no levees, trim lines or overbank 
deposits were noted, therefore the debris flow hazard is rated as low.  The likelihood of physical 
disturbance on the fan is moderate.  The potential for coarse sedimentation is rated as high. 
 
 
4.7   D Creek 
 
The Silver Creek fire burned approximately 36% of the total watershed area draining into D 
Creek, located to the north of Grier Creek.  This will likely produce moderate changes in stream 
flows in D Creek. 
 
The upper slopes of this watershed have moderate soil erodibility.  The hillslope erosion hazard 
for the watershed is high because of the large proportion of steep slopes burned with high 
intensity. 
 
There are a moderate number of roads throughout this drainage.  Most of the old road cuts and 
trails do not show any signs of on-going surface erosion, due to their moderate gradients and to 
the coarse grained and well drained soils that are present.  New road construction is present in 
the upper part of the drainage, but at this elevation the ground is rocky so the erosion hazard 
from roads and trails is considered low.  There are some high hazard sections of road on private 
land in the lower part of this drainage. 
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The headwater slopes of the D Creek watershed are very steep.  Wide and deep bedrock canyons 
occur downslope.  There is evidence of historic mass wasting, from which material was 
deposited directly into the stream channel in this watershed.  The likelihood of future mass 
wasting events is high. 
 
D Creek flows through a narrow channel onto a very distinct, moderately sloped fan.  Coarse 
boulders were observed near the apex of the fan and overbank deposits and levees were noted 
along the stream channel, therefore the debris flow hazard is moderate.  The potential for 
physical disturbance on the fan of this watershed is high.  The coarse sedimentation potential is 
also rated as high. 
 
 
4.8  Kernaghan Creek 
 
The extent of the fire and logging in the Kernaghan Creek watershed is relatively low.  Roughly 
11% of the watershed was burned and an additional 5% has been logged.  With only 16% of the 
total watershed area logged and burned, it is unlikely that any changes will occur over and above 
those expected as a result of natural climatic variability.  The likelihood of observable increases 
in stream flow is low. 
 
The erosion hazard throughout the watershed is moderate except where slopes are very steep. 
 
There are only a minor number of old roads in the lower part of this drainage, most of which are 
overgrown and were not disturbed during fire fighting. The road cuts do not show any signs of 
on-going surface erosion, owing to the coarse grained and well drained soils that are present. 
New road construction is present in the upper part of the drainage, but it is primarily on the 
plateau where the grades are gentle.  A high hazard exists at the crossing of Kernaghan Creek on 
the lower part of the slope, just above private property. 
 
Kernaghan Creek has experienced large historic debris flows, however, no evidence exists of 
recent debris flows reaching the fan in the past 100 years.  Channel changes near the apex of the 
fan do indicate channel movement 60 to 80 years ago.  Channel loading upstream of the fan is 
high.  The potential for channel avulsion is high and the potential for coarse sedimentation is 
high.  Debris flow potential is moderate.  The physical disturbance hazard on the fan is rated as 
high. 
 
 
4.9   Wallensteen Creek 
 
Only 4% of the Wallensteen Creek watershed was burned.  Approximately 19% of the total 
watershed area has been logged.  The total area logged and burned is roughly 23% which 
indicates a low to moderate likelihood of increased stream flows.  The potential for increased 
peak flows where Wallensteen Creek flows into the valley bottom is rated as moderate. 
 
The erosion hazard throughout the watershed is moderate except where slopes are very steep. 
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There are a moderate number of roads throughout this drainage. Most of these are old and 
overgrown and climb at a moderate gradient up the watershed. A road on the north side was 
opened up, but it does not show any signs of on-going surface erosion, owing to the coarse 
grained and well drained surficial deposits that are present.  New and existing roads are present 
in the upper part of the drainage, but due to the slopes involved, the erosion hazard from roads 
and trails is considered low. One moderate hazard section exists at a crossing of Wallensteen 
Creek on private land. Although the crossing was improved during rehabilitation, it was in a state 
of disrepair prior to being opened up for fire fighting and should be monitored following the 
spring freshet on an annual basis.  
 
The steep slopes of the Wallensteen Creek watershed show evidence of historic mass wasting.  
These slopes are directly connected to the stream channel and as a result, slope failures will 
deliver material into the creek.  The likelihood of future mass wasting is high. 
 
The Wallensteen Creek fan has experienced debris flows in the past, the most recent occurred 
approximately 100 years ago and the debris flow potential is rated as moderate.  Numerous small 
debris lobes, levees and inactive channels on the fan indicate a high potential for channel 
avulsions.  The mass wasting hazard, directly linked to the stream channels, along with the 
present stream channel loading and stream transport capability suggest a high potential for 
coarse sedimentation to reach the fan.  The hazard of physical disturbance on the fan is rated as 
high. 
 
 
4.10  C Creek 
 
Approximately 33% of the C Creek watershed, which is immediately to the north of Wallensteen 
Creek, was burned during the Silver Creek fire.  This indicates a moderate potential of increased 
stream flows and moderate likelihood that these increases will be observable in the valley 
bottom. 
 
Although the soils in the C Creek watershed are moderately erodible, the erosion hazard for the 
watershed is high because its slopes are steep and directly connected to the creek. 
 
There are only few roads in this drainage. An old road crosses C Creek on private land, and 
climbs at a moderate gradient up the lower part of the watershed and into the B Creek drainage. 
This road was not opened up during fire fighting and does not show any signs of on-going 
surface erosion, owing to the coarse grained and well drained surficial deposits that are present.  
An old road is present in the upper part of the drainage, but due to the slopes involved, the 
erosion hazard from roads and trails is considered low.  
 
Historic slope failures are evident.  Any slope failure in this watershed will deliver material 
directly into the stream channel.  The potential for mass wasting in this watershed is high. 
 
C Creek flows through a moderately sloped fan on which no levees, trim lines or overbank 
deposits were noted.  The debris flow hazard is moderate, the coarse sedimentation hazard is 
high and the hazard of physical damage on the fan is high. 
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4.11  B Creek 
 
B Creek, located immediately to the south of Gordon Creek, was extensively burned during the 
Silver Creek fire.  With 87% of the total watershed area burned, the likelihood that annual water 
yields, spring snow melt peak flows and storm flows will increase, and that these increases will 
be observable in the valley bottom is extremely high. 
 
The erosion hazard for the watershed is high because the extensive, high intensity burn increased 
the hazard of the moderately erodible soils. 
 
There is only one old road in this drainage. It climbs at a moderate gradient and crosses several 
small hillside gullies, all of which have no culverts. Generally, however, there have been few 
signs of erosion on this road, likely owing to the coarse grained and well drained soils that are 
present.  In general, the erosion hazard from roads is considered to be low. Although it is not a 
fire rehabilitation obligation, cross ditching of this road at gully crossings and pulling the fill out 
of the B Creek crossing is a means of minimising long term impacts of this road.  
 
The watershed of B Creek is small with moderate to moderately steep slopes.  Though 
extensively burned, this watershed has a low likelihood of mass wasting.  The debris flow and 
debris flood hazard is moderate to high. 
 
The fan of B Creek is moderately sloped.  No levees, trim lines or overbank deposits were noted 
on this fan.  The debris flow hazard is low and the coarse sedimentation hazard is moderate.  
Any material transported down B Creek will likely be deposited on the broad fan in the valley 
bottom, therefore, the hazard of physical disturbance is considered to be moderate. 
 
 
4.12  Gordon Creek 
 
Roughly 48% of the Gordon Creek watershed has been logged and burned.  Approximately 18% 
has been burned and an additional 30% logged.  At this level of forest cover removal the 
likelihood of observable increased annual, peak and storm stream flows is high. 
 
In general, the upper slopes of the burned area have moderate soil erodibility, however, some 
areas are covered by fine, sandy surficial materials which have high soil erodibility.  The erosion 
hazard for the watershed is high since many of its steep slopes were severely burned. 
 
There are a minor number of roads and guards in this basin. The Fly Hills Forest Service Road 
climbs up adjacent to the north side of the basin to the plateau in a series of switchbacks. Road 
cuts along this route are relatively stable and drainage control is adequate. A steep section of 
guard (up to 45%) was built from the Fly Hills Forest Service Road on the plateau down through 
the upper watershed between South Gordon and Gordon Creeks. This section of the guard is on 
very loose granular soils. In the middle portion of the watershed, the guard crosses Gordon 
Creek and traverses the side of a terrace consisting of loose gravely soils. Although the guard 
was rehabilitated in these two sections, the residual soil erosion potential remains high until 
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vegetation becomes established. This entire guard should be reviewed following freshet until 
vegetation has been re-established.   
 
Landslides connected to stream channels are evident on the upper, burned slopes in the Gordon 
Creek watershed.  Above the apex of the fan, where a bedrock ridge crosses the channel, a large 
accumulation of boulders occurs below the ridge and a large sediment wedge above.  Numerous 
debris slides occur below the bedrock ridge and the channel is blocked by sediment wedges.  
The potential for additional mass wasting is high. 
 
On the fan, the channel is made up of boulders which are greater than 1 metre in diameter.  
There is evidence of historic debris flows on the fan.  Historic debris lobes have been cut 
through by the stream.  It appears that the channel has downcut into the fan as recently as 1996 
or 1997 and that the channel banks were overtopped sometime between 1990 and 1993.  The 
channel position on the fan appears relatively stable at this time.  The potential for debris flow 
material to be transported to the fan is moderate.  The coarse sedimentation hazard is high and 
the physical disturbance hazard is high. 
 
 
4.13  A Creek 
 
The Silver Creek fire burned approximately 31% of the total area draining into A Creek.  This 
creek is located to the north of Gordon Creek.  The potential for increased stream flows is 
moderate, as is the likelihood that increases in peak flows will be observed in the valley bottom. 
 
The erosion hazard for this watershed is generally moderate except where slopes are very steep. 
 
Roads cross A Creek in several locations.  Road cuts along the Fly Hills Forest Service Road are 
relatively stable and drainage control is adequate. The headwaters of this creek are in bedrock 
gullies. Because of the coarse grained soils and well drained conditions in these areas, the erosion 
potential is low.  One moderate moderate hazard section exists where an old harvest road 
crosses the creek just above the box canyon; some improvement was recommended for this 
section (see Technical Supplement). 
 
The slopes of the A Creek watershed are steep and show evidence of recent and historic failures.  
The slopes in the steep bedrock canyon near the base of the watershed are directly linked to the 
channel.  The potential for future mass wasting is high. 
 
The fan of A Creek is small but very steep.  As a result any material entering the stream channel 
will be carried by high stream flows out onto the valley floor.  Coarse sediments cover the fan 
surface.  No levees, trim lines or overbank deposits were noted along the channel to indicate 
recent debris flows.  However, the collated data suggest a high potential hazard of debris flows 
and coarse sedimentation for A Creek. An earthen dam has been constructed at the apex of the 
fan and may serve as a depositional basin for small events.  A large failure and its resulting debris 
flow would likely infill and overtop the dam basin and the additional water from the dam pond 
would liquefy the sediments and increase the erosive ability of the debris flow.  The physical 
disturbance hazard has been rated as high. 
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5   SUMMARY 
 
 
Increased peak stream flows are most likely in extensively logged or burned watersheds.  Of the 
area burned by the Silver Creek fire, Rumball, Rumball II, Rumball III, B and Gordon Creeks 
are the most likely to show increased stream flows and an increased frequency of flooding. 
 
The potential for decreased water quality exists for all streams throughout the burned area, but 
the greatest changes are likely to occur in Rumball, D and Gordon Creeks. 
 
Since all stream channels in the area burned by the Silver Creek fire are loaded with debris and 
sediment, the potential for this material to move downstream to the valley bottom exists in all 
watersheds.  This hazard existed before the fire.  These natural plus fire induced hazards create 
the situation of high risk for physical disturbance from debris flows and debris floods on the 
alluvial fans of Rumball, Rumball III, D, Kernaghan, Wallensteen, C, Gordon and A Creeks. 
 
It is important to note that under extreme climatic conditions such as during large storms, 
prolonged wet periods or rapid snow melt, the hazard of flooding, debris and gravel transport 
and decreased water quality in the valley bottoms throughout the area burned by the Silver Creek 
fire is high.  It is also important to remember that events resulting from the fire may not occur 
for many years.  Research, including local work in Palmer Creek, has clearly shown that slope 
failures often do not occur until 5 to 10 years after trees have died.  This is the length of time 
required for roots to decay and once the root strength on steep slopes has gone, the likelihood 
of slope failure increases. 
 
 
 
6   RECOMMENDATIONS 
 
 
The following recommendations are made in addition to the grass seeding and rehabilitation 
work already completed for the Silver Creek fire area and the enlargement of the Rumball area 
gravel pits. 
 
6.1   Recommendations Relating to the Valley Bottoms 
 
Residents relying on surface water should find alternate sources of water for at least the spring 
snow melt periods and during storms over the next two years.  Surface water is never guaranteed 
“safe” for drinking in any circumstance, so anyone using surface water must remember to boil or 
disinfect it.  Water is likely to be turbid and have high concentrations of suspended sediment 
over the next few years, particularly during periods of heavy rain and high stream flows.  This 
will not only affect drinking water but may also have an effect on irrigation systems and other 
machinery. 
 
Valley bottom residents should consider obtaining the advice of qualified specialists who have 
considerable experience in detailed risk assessment on alluvial fans and in the design of 
engineering works to protect property from flooding and debris flows. Any individual resident 
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taking action on their own property must consider their downstream and upstream neighbours.  
Activities such as the construction of berms along channels or the excavation of channels on 
one property can result in more extreme damage to neighbouring property.  Professional advice 
is recommended before any such work is undertaken. 
 
Multi-agency and resident contingency plans in the event of physical disturbance in the valley 
bottoms during high flow events should be developed.  These plans should include snow melt 
and rainfall monitoring to ensure that bulletins can be issued to residents warning of the 
likelihood of extreme events. 
 
Channel aggradation or infilling of streams on fans is likely to be a chronic problem for many 
years after this fire.  Aggraded channels have reduced streamflow capacity, creating the 
impression that peak flows are even higher than they actually are because of the increased 
frequency of overbank flooding. 
 
 
6.2   Recommendations Relating to Forest Land 
 
Despite the rehabilitation that has been undertaken to date, slope failure and soil erosion from 
roads, trails and fireguards is still possible.  It will be important to carry out annual reviews of 
roads and rehabilitated areas during or after freshet, to detect problems before they become long 
term concerns.  Some additional rehabilitation work may be required.  Should vegetation not 
become established, it is possible that a fertilisation program and some re-seeding will need to be 
undertaken. 
 
Because of the sensitivity to slope instability or soil erosion of some areas burned by the Silver 
Creek fire, any timber harvesting plans must include road deactivation prescriptions that suit the 
level of hazard. 
 
Incised gullies and creek sidewalls should be avoided during log salvage operations.  Terrain 
stability and surface erosion potential mapping is available for the entire Silver Creek fire area 
(EBA Engineering Consultants Ltd. 1997, 1998; Quatera Environmental Consulting Ltd. 1998) 
and should assist in salvage logging planning.  Terrain stability field assessment, required under 
the Forest Practices Code in areas of moderate and high likelihood of landslides, should take 
into consideration the change in hydrology and general slope stability that is expected to occur as 
a result of the Silver Creek fire. 
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GLOSSARY 
 
 
Aggraded channels: stream channels that have been raised to a higher level by deposition. 
 
Alluvial fan: a fan shaped deposit of sediment laid down by a stream where it emerges from an 
upland into less steeply sloping terrain (see also fan). 
 
Bedrock slump: A type of landslide or mass movement involving failure of the bedrock where 
the failed mass rotates and translates down the slope. Often these are very large features. 
 
Channel avulsion: an abrupt change in the course of a stream where the stream leaves its old 
channel for a new one, usually the result of the original channel becoming filled in with debris or 
coarse sedimentation. 
 
Colluvial fan: a fan shaped deposit of sediment built up as a result of landslide deposition from 
debris flows (see also fan). 
 
Colluvium: a surficial deposit which was derived by material moving down a slope chiefly by 
gravity, such as scree slopes or landslides. 
 
Debris flow: a type of landslide characterized by the rapid, downslope movement of water, 
debris vegetation through a channel, i.e. a gully. Often referred to as mudflows. 
 
Debris flow fan: see colluvial fan. 
 
Debris slide: a type of landslide characterized by the rapid, downslope sliding movement of a 
shallow soil layer and overlying vegetation on an open slope.  
 
Erosion hazard: the assessment of the probability of soil being removed from its original 
location by rain, runoff, or wind. It depends on the characteristics of the soil, i.e. the soil 
erodibility, and the characteristics of the site, i.e. slope steepness, length and shape of slope, 
subsurface conditions. 
 
Fan: a landform, shaped like its name, at the outlet of a steep gradient stream channel or gully. 
There are two types, alluvial and colluvial (debris flow) fans. 
 
Fluvial: river or stream processes. 
 
Forest floor: dead organic material including litter and decomposed organic matter on the 
mineral soil surface. 
 
Glacio-fluvial: a type of surficial deposit laid down by ancient glacial rivers and streams, usually 
sand and gravel. Generally these are coarse grained and free draining. They can be highly 
erodible. 
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Glacio-lacustrine: a type of surficial deposit laid down within ancient glacial lakes, usually a silt, 
sand or clay. Generally these are fine grained and highly erodible. 
 
Levees: an embankment of sediment, bordering one or both sides of a channel, formed by 
material descending the channel  
 
Mass wasting: any movement of large masses of soil materials at the land surface. Includes 
debris flows, debris avalanches, landslides, falls and creep.  
 
Overbank deposits: Deposits of material or debris on a flood plain or fan surface that are the 
result of flooding or overtopping of the creek or river banks.  
 
Parent Material: the mineral material from which soil is formed. In British Columbia the 
material that was laid down by the last glaciation. Sometimes called hard-pan. 
 
Ravelling: a gradual process of erosion on steep slopes where particles individually detach and 
roll to the bottom of the slope, resulting in accumulations of debris.  This is an on-going process 
but can accelerate during spring thaw. 
 
Sediment wedge: an accumulation of sediment behind an obstruction, often a log jam, within a 
creek channel. The name refers to the longitudinal profile of such a deposit. 
 
Soil erodibility: a measure of a soil's inherent susceptibility to erosion. It depends on soil 
texture, soil structural stability, organic matter content, and mineral constituents. 
 
Slope failure: the initial stage of mass movement. 
 
Tension crack: a fracture in the ground surface, caused by stresses within the soil mass, that are 
often found at the head of a landslide. 
 
Trim line: a line or indicators along a stream or river channel below which evidence of erosion 
by water and / or by a debris flow is readily apparent, or which represents the maximum 
elevation that flood water or a debris flow reached in a channel. 
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